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The characteristics of contemporary higher vocation education is to talents with 
high skills, which makes it essential to do the research on how to improve the ability of 
practical skills for students. Only in this way can vocation students adjust to the ability 
requirements of practical and innovative skills. This is especially true for 
electromechanical majors, because society need result-oriented and synthesizing type of 
talents who can combine the theoretical knowledge with practical skills.  
This thesis designs a set of device about comprehensive practice on 
electromechanical technology, aiming at higher vocation electromechanical majors 
before they enter society to work. The whole practicing system involves the knowledge 
points of circuit and electronic technique, PC technique, automatic control technology, 
sensor technology, mechanical design technology and hydraulic and pneumatic 
transmission. The device can be used to do single practice aiming at one knowledge 
point, or do comprehensive practice. This practicing system designs a teaching and 
studying platform for comprehensive practice on electromechanical technology, which 
is based on FX2N series of PLC. The control section of this system partly simulates the 
electroplating process flows. The system can be mainly divided into two parts: One is 
the design of the platform and temperature control of zinc-plating tank, and the other is 
the design and control of the mechanical arm. The system is assembled on a movable 
vehicle, which makes it more convenient for students to do the team work and put 
everything in order after that. Temperature control of zinc-plating tank adopts digital 
display. In this process, the sensor changers the temperature signal into electrical signal, 
which is amplified and then transmitted to A/D changer, hence analog quantity 
converted to digital quantity. Temperature regulation adopts ON-OFF 
adjusting means, which is simple, economical and easy to use, and is easier 
for students to understand in practice. The main role of the mechanical 
arm is to carry work pieces from the workbench to the plating tank to plate, and carry 
them back to the workbench after the plating finished. The device uses four cylinders: 















clamping and loosening cylinder. All the cylinders are driven in the form of pneumatic 
transmission. 
    This thesis first introduces the structure of the platform and the experimental 
projects it can implement. And then goes at length to introduce realization of 
temperature control on the zinc-plating tank, and software and hardware designs. In the 
last part, it introduces the design and implementation of the mechanical arm. 
 
 































第一章  绪    论······················································································ 1 
1.1 课题研究的依据和意义 ················································································· 1 
1.2 机电综合实训系统发展现状 ·········································································· 3 
1.3 本文研究的主要目标和内容 ·········································································· 4 
1.3.1目标·····································································································4 
1.3.2内容·····································································································4 
1.4 PLC 简介 ········································································································· 5 
1.4.1 PLC的工作原理 ·················································································5 
1.4.2 FX2N系列 PLC的特点 ·······································································6 
1．5 本文的结构安排 ·························································································· 7 
第二章 系统结构和功能分析 ··································································· 8 
2.1 系统的整体设计及组成 ·················································································· 8 
2.1.1 整体设计 ·····························································································8 
2.1.2系统的特点 ·······················································································10 
2.1.3系统的技术指标 ···············································································10 
2.2 系统主要元件功能分析 ·················································································11 
2.2.1 被控对象 ··························································································11 
2.2.2检测装置 ···························································································12 
2.2.3执行机构 ···························································································18 
第三章 机械手本体设计 ········································································· 19 
3.1 手部机构设计 ································································································ 19 
3.1.1夹持式手部结构 ···············································································19 
3.1.2手部夹紧气缸设计 ···········································································20 




3.3 机械手的驱动方案设计 ················································································ 23 
第四章  系统主要实训项目及原理······················································· 25 
4.1 传感器应用技术实训 ···················································································· 25 
4.1.1镀锌槽温度二位式控制实验····························································25 
4.1.2 液位传感器实验 ··············································································26 















4.3 PLC 编程实训 ······························································································· 27 
4.4 电气电路实训 ································································································ 28 
4.5 系统的安装与调试实训 ················································································ 28 
4.6 系统维护和故障检测实训 ············································································ 28 
第五章 系统平台的 PLC 控制 ······························································· 29 
5.1 工艺流程及平台工作过程 ············································································ 29 
5.1.1电镀工艺流程 ···················································································29 
5.1.2实训平台工作过程 ···········································································29 
5.2 系统控制要求 ································································································ 30 
5.2.1镀锌槽的温度控制要求 ···································································30 
5.2.2机械手的控制要求 ···········································································31 
5.3 镀锌槽温度的 PLC 控制 ·············································································· 32 
5.3.1温度控制系统的 I/O分配表····························································32 
5.3.2 I/O接线图 ·······················································································32 
5.3.3 控制柜面板设计及电气图 ······························································33 
5.3.4控制程序流程图 ···············································································34 
5.3.5控制程序梯形图 ···············································································34 
5.4 机械手的 PLC 控制 ······················································································ 35 
5.4.1机械手的 I/O分配表 ·······································································35 
5.4.2 I/O电气接线图 ···············································································36 
5.4.3程序设计 ···························································································37 
第六章  结论与展望 ··············································································· 42 
参 考 文 献 ······························································································ 45 





























 Chapter One Introduction ······································································ 1 
1.1 Background and Significance of the Project ········································· 1 
1.2 Current State of Comprehensive Practice on Electromechanical 
Technology ·········································································································· 3 
1.3 Target and Content of This Thesis ··························································· 4 
1.3.1 Target····································································································· 4 
1.3.2 Content ·································································································· 4 
1.4 PLC Introduction·························································································· 5 
1.4.1 Operating Principle of PLC ··································································· 5 
1.4.2 PLC Characteristics of FX2N Series ····················································· 6 
1.5 Structure of This Thesis·············································································· 7 
Chapter two Structure and Function Analysis of the System··············· 8 
2.1 General Design and Composition of the System ································· 8 
2.1.1 General Design······················································································ 8 
2.1.2 Features of the System········································································· 10 
2.1.3 Technical Specifications of the System ··············································· 10 
2.2 Main Function Analysis of the System··················································11 
2.2.1 Controlled Objects··············································································· 11 
2.2.2 Detection Apparatus ············································································ 12 
2.2.3 Actuating Mechanism·········································································· 18 
Chapter Three Body Design of the Mechanical Arm··························· 19 
3.1 Design of the Hand Structure·································································· 19 
3.1.1 Structure of the Clamping and Loosening Hand ·································· 19 
3.1.2 Design of the Clamping and Loosening Cylinder ································ 20 
3.2 Design of the Cylinder Size ···································································· 21 
3.2.1 Design and Calibration of the Expand and Contract Cylinder ············· 21 
3.2.2 Design and Calibration of the Go Up and Down Cylinder··················· 22 
3.2.3 Design and Calibration of the Revolving Cylinder ······························ 23 















Chapter Four Main Practice Items of the System and Their Theories
···················································································································· 25 
4.1 Sensor Applied Technology Practice ···················································· 25 
4.1.1 Two-position Control Experiment on Zinc-plating Tank Temperature· 25 
4.1.2 Experiment on Liquid Level Sensor ··················································· 26 
4.2 Pneumatic Applied Technology Practice·············································· 26 
4.3 PLC Programming Practice ····································································· 27 
4.4 Electric Circuit Practice············································································ 28 
4.5 The System’s Installation and Adjustment Practice ·························· 28 
4.6 The System’s Maintenance and Trouble Checkout Practice ··········· 28 
Chapter Five PLC Control of the System Platform ······················ 29 
5.1 Process Flow and Platform Course of Work ······································· 29 
5.1.1 Plating Process Flow ··········································································· 29 
5.1.2 Platform Course of Work ····································································· 29 
5.2 Control Request of the System ······························································· 30 
5.2.1 Temperature Control Request of the Zinc-plating Tank ······················· 30 
5.2.2 Control Request of the Mechanical Arm·············································· 31 
5.3 PLC Control of the Zinc-plating Tank Temperature ························· 32 
5.3.1 I/O Distribution of the Temperature Control System ··························· 32 
5.3.2 I/O Connection Diagram······································································ 32 
5.3.3 Panel Design of the Control Cabinet and Electrical Diagram ·············· 33 
5.3.4 Flow Diagram of the Control Program ················································ 34 
5.3.5 Ladder Diagram of the Control Program ············································· 34 
5.4 PLC Control of the Mechanical Arm ···················································· 35 
5.4.1 I/O Distribution of the Mechanical Arm ·············································· 35 
5.4.2 I/O Electrical Connection Diagram······················································ 36 
5.4.3 Program Design ··················································································· 37 



























第一章  绪论 
1 
 















































































第一章  绪论 
3 
1.2 机电综合实训系统发展现状 










1、德国 Festo 公司的 PCS 系统 
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